Single-step co-integration of multiple expressible heterologous genes into the ribosomal DNA of the methylotrophic yeast Hansenula polymorpha.
We have investigated the methylotrophic yeast Hansenula polymorpha as a host for the co-integration and expression of multiple heterologous genes using an rDNA integration approach. The ribosomal DNA (rDNA) of H. polymorpha was found to consist of a single rDNA cluster of about 50-60 repeats of an 8-kb unit located on chromosome II. A 2.4-kb segment of H. polymorpha rDNA encompassing parts of the 25S, the complete 5S and the non-transcribed spacer region between 25S and 18S rDNA was isolated and inserted into conventional integrative H. polymorpha plasmids harboring the Saccharomyces- cerevisiae-derived URA3 gene for selection. These rDNA plasmids integrated homologously into the rDNA repeats of a H. polymorpha (odc1) host as several independent clusters. Anticipating that this mode of multiple-cluster integration could be used for the simultaneous integration of several distinct rDNA plasmids, the host strain was co-transformed with a mixture of up to three different plasmids, all bearing the same URA3 selection marker. Transformations indeed resulted in mitotically stable strains harboring one, two, or all three plasmids integrated into the rDNA. The overall copy number of the plasmids integrated did not exceed the number of rDNA repeats present in the untransformed host strain, irrespective of the number of different plasmids involved. Strains harboring different plasmids co-expressed the introduced genes, resulting in functional proteins. Thus, this approach provides a new and attractive tool for the rapid generation of recombinant strains that simultaneously co-produce several proteins in desired stoichiometric ratios.